As several equations have been developed for estimating the glomerular filtration rate (GFR), many laboratories are now reporting the GFR automatically, and primary care providers are left trying to interpret the results and put them into the context of patient care. Therefore, it is important that health care professionals understand how to interpret the estimated GFR value and how to recognize when the estimate may not be accurate.
C
hronic kidney disease is most often discovered and diagnosed by primary care providers. The equations for estimating the glomerular filtration rate (GFR) facilitate earlier detection of this disease. However, the estimated GFR must be interpreted in the context of the individual patient. The diagnostic criteria and staging of chronic kidney disease must be understood so that it can be recognized and managed at the earliest possible stage. In this way, primary care physicians and nephrologists can better coordinate the care of these patients.
■ THE STAGES OF RENAL DISEASE AND THE GFR
Before 2002, an organized approach to the clinical management of patients with renal dysfunction was hampered by a lack of a standardized way to define this condition. This changed when the National Kidney Foundation, through the Kidney Disease Outcomes Quality Initiative (K/DOQI), 1 defined the stages of chronic kidney disease based on the GFR as estimated by the Modification of Diet in Renal Disease (MDRD) equation.
In this article, we review the concepts of renal clearance and how to interpret the GFR in healthy patients and in those with chronic kidney disease. The following cases illustrate the interpretation of GFR in the context of patient care.
■ CASE 1: A 60-YEAR-OLD WOMAN WITH A 'NORMAL' CREATININE LEVEL
A 60-year-old white woman with no significant medical history has routine laboratory tests done as part of her annual physical examination. Of the various functions of the kidney, the ability of the glomeruli to filter the blood, as assessed by the GFR, is considered the best index of overall kidney function. 4, 5 The GFR can be thought of as the clearance of a substance from the plasma by the kidney in a period of time. This is useful because no method is available to routinely and directly measure filtration across the glomerular basement membrane.
Substances that are cleared by the kidney are used to estimate the GFR. The ideal substance for this estimate is one that is cleared only by filtration and not through metabolism or excretion by other means.
The urinary clearance of the exogenous substance inulin is considered the gold standard method, but radioisotopes such as iothalamate and other markers have replaced inulin in clinical laboratories. Because these methods are expensive, time-consuming, and not widely available, alternative methods that use endogenous markers such as creatinine have been developed for clinical practice.
The serum creatinine concentration possesses many of the qualities of an ideal marker for estimating kidney function. Creatinine is produced by the body at a relatively constant rate under normal conditions and is easy and inexpensive to measure. However, it has several limitations:
• Its clearance does not solely reflect glomerular filtration because the renal tubules also excrete it into the urine. 6 As a result, creatinine clearance (see below) will tend to overestimate the GFR (FIGURE 1) . FIGURE 1. The relationship between serum creatinine concentration, creatinine clearance, and glomerular filtration rate (GFR), shown with a 95% confidence interval (blue band). Points A and B illustrate the large change in GFR that results from a small change in serum creatinine at higher levels of kidney function. Points C and D illustrate the small change in GFR that results from a large change in serum creatinine at lower levels of kidney function. Creatinine clearance tends to overestimate the GFR. • The serum creatinine concentration is directly dependent on muscle mass, which varies with sex (women tend to have less muscle mass as a percent of body weight than men), age (muscle mass decreases with age), and race (African Americans have a higher serum creatinine level for the same GFR than other Americans). 6 Thus, there is no "normal" value for serum creatinine that applies to all patients.
• Other factors can alter the creatinine level without changing the GFR, such as changes in dietary protein intake, exercise, and drugs such as cimetidine 7 and fibrates 8 (TABLE 1) . Another important point is that the relationship between the serum creatinine concentration and the GFR is parabolic. 9 At high kidney function, large changes in the GFR are reflected by very small changes in serum creatinine-the GFR must fall quite a bit before the serum creatinine level rises very much (points A to B in FIGURE 1). At lower kidney function, small changes in GFR are reflected by large changes in serum creatinine (points C to D in FIGURE 1). This phenomenon can cause physicians to view small changes in creatinine as unimportant in patients with creatinine levels in the normal or near-normal range. Conversely, small changes may be due to random error inherent in the methods of measuring creatinine rather than to changes in kidney function.
Because the serum creatinine concentration by itself may be misleading when estimating GFR, the National Kidney Foundation and the National Kidney Disease Education Program recommend that it not be used on its own to estimate kidney function.
■ ESTIMATING THE GFR
Measuring 24-hour creatinine clearance Measuring 24-hour creatinine clearance involves measuring the concentrations of creatinine in the serum and the urine and the volume of urine excreted in 24 hours.
The 24-hour creatinine clearance was long considered the best alternative to the serum creatinine concentration for assessing kidney function, as it adjusts for changes in the creatinine concentration by taking into account creatinine's excretion in the urine. However, 24-hour urine collection is burdensome for the patient, and the results are not always reliable 
Flucytosine, praline, hemoglobin
Falsely increase the creatinine value by interfering with enzymatic assays for it
Metamizol, methyldopa, ethamsylate
Falsely decrease the creatinine value by interfering with enzymatic assays for it because of variations in collection technique. Also, using the creatinine clearance does not resolve problems with using the serum creatinine concentration, such as tubular secretion and overestimation of GFR.
In an effort to more easily estimate GFR from blood tests alone, efforts to develop mathematical equations that more closely estimate GFR began over 40 years ago. These equations take into account factors such as age, sex, and ethnicity. The best known of these are the Cockcroft and Gault 10 and the MDRD equations.
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The Cockcroft-Gault equation The Cockcroft-Gault equation is fairly simple, using serum creatinine, ideal body weight, and an adjustment factor for sex. Its main drawbacks are that it was developed to model creatinine clearance, itself an imperfect estimation of GFR, and it depends heavily on the accuracy of the value for "lean" body weight used in the equation.
The MDRD equation
The MDRD equation has now largely replaced the Cockcroft-Gault equation. Developed using iothalamate GFR measurements, it therefore estimates GFR rather than the lessaccurate creatinine clearance. Also, it is normalized to a standard body surface area (1.73 m 2 ), obviating the need to determine ideal body weight.
Since the estimated GFR can often be calculated using data available in most electronic medical record systems, it can be reported directly with any laboratory report that includes a serum creatinine value.
The main drawback of the MDRD equation is that it tends to underestimate GFR at higher ranges of kidney function, ie, higher than 60 mL/min/1.73 m 2 ).
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The CKD-EPI equation The Chronic Kidney Disease Epidemiology Collaboration study (CKD-EPI) equation, 12 published in 2009, is expected to eventually replace the currently used MDRD equation, as it performs better at higher ranges of GFR.
Although the CKD-EPI equation still lacks precision and accuracy, it underestimates GFR to a lesser degree than the MDRD equation in patients with preserved renal function. Also, it was developed with the objective of reporting a specific value even when the estimated GFR is greater than 60 mL/min/1.73 m 2 . (In contrast, when laboratories use the MDRD equation, the recommendation is to report any value above this level as "greater than 60 mL/min/1.73 m 2 "). A limitation of all equations that use the serum creatinine concentration to assess kidney function is the assumption that creatinine production is both stable over time and similar among patients. As a result, these equations should not be used in situations in which renal function is changing rapidly, such as in acute kidney injury. Also, they should be used with caution in patients at the extremes of body mass, since they underestimate GFR in very muscular patients (eg, as in case 2) and overestimate GFR in very small patients (eg, as in case 1).
Calculators for estimating the GFR using these equations are available on many Web sites (see www.kidney.org/professionals/kdoqi/ gfr_calculator.cfm).
People with greater muscle mass produce more creatinine 
■ SCREEN EVERYONE AT RISK
As most patients with established medical problems have blood drawn periodically for routine chemistry panels, the diagnosis of chronic kidney disease often occurs through routine testing. For patients who do not yet carry this diagnosis, it is important to recognize the risk factors for chronic kidney disease (TABLE 2) and to determine who should be screened.
In general, anyone at higher risk of chronic kidney disease should be screened for it. This group includes US minorities and patients with hypertension, cardiovascular disease, and diabetes mellitus, among others. 13 Screening includes an assessment of estimated GFR and urinalysis for proteinuria or hematuria.
■ CHRONIC KIDNEY DISEASE DEFINED: DAMAGE AND DURATION
The definition of chronic kidney disease contains two components-kidney damage and duration (TABLE 3) . 1 The kidney damage can be either parenchymal renal damage independent of GFR (for example, cystic disease, glomerular hematuria, or proteinuria) or depressed GFR independent of evidence of parenchymal renal disease (an estimated GFR of less than 60 mL/ min/1.73 m 2 ). The duration component requires that the abnormality be present for at least 3 months (ie, chronic).
Concerns about the definition
This definition has not been without controversy.
An unintended consequence of not reporting estimated GFR values above 60 mL/ min/1.73 m 2 in absolute numbers is that providers may ignore changes in serum creatinine at estimated GFRs in this range, as they assume that the kidney function is "normal." This may change in the future if the CKD-EPI equation is used, which produces less bias at slightly higher GFRs.
Providers may also tend to focus solely on the estimated GFR criterion and ignore other evidence of chronic kidney disease, such as abnormalities in urinalysis or imaging studies. For example, proteinuria has been shown to be more important than absolute GFR values in predicting progression of renal dysfunction and cardiovascular risk.
14 Proteinuria, especially in the setting of an estimated GFR above 60 mL/min/1.73 m 2 , can be missed if not screened for and underappreciated once found.
Moreover, in elderly patients, the current GFR equations underperform at borderline GFR values and can yield depressed values even at impressively "normal" serum creatinine levels. As a result, there is concern that chronic kidney disease is being overdiagnosed under the current system. This is especially worrisome in elderly white women without risk factors for chronic kidney disease (eg, as in case 1).
In addition, the question arises whether the arbitrary cutoff for chronic kidney disease-60 mL/min/1.73 m 2 -applies to all populations. 15, 16 The utility of classifying someone as having chronic kidney disease who has an estimated GFR of 55 mL/min/1.73 m 2 and no risk factors for chronic kidney disease (TABLE 2) If the true purpose of developing the chronic kidney disease classification system is to improve patient care and outcomes, then it is of no benefit to overclassify such patients. Indeed, the stress induced by the diagnosis and the negative implications on insurance coverage and health care costs may outweigh any benefits. 18 Nevertheless, these concerns do not invalidate the entire chronic kidney disease definition system, but have stimulated current efforts to improve it based on outcomes research.
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■ CASES REVISITED Case 1: Problems with estimating GFR in a small woman Case 1 has several points to note.
The patient's small body size reflects lowlevel creatinine production. It is not atypical to find serum creatinine levels of 0.5 mg/dL in such patients. Thus, her serum creatinine level of 1.1 mg/dL may be abnormal. The fact that the MDRD equation "normalizes" the result to 1.73 m 2 of body surface area in patients with very low muscle mass will lead to an overestimation of GFR. However, she has no risk factors for chronic kidney disease.
Additionally, in up to two-thirds of patients kidney function declines with age. 20 Whether or not this is "normal aging" of the kidney, it is not clear that this decline in GFR reflects an underlying pathologic process.
Finally, since the patient is an older white woman, the estimated GFR tends to underestimate the true GFR. So while her body size may predispose to an overestimation of GFR, her age, race, and sex predispose to an underestimation of GFR. Many nephrologists would simply order urinalysis and ultrasonography to rule out other evidence of renal dysfunction, then recommend routine monitoring of kidney function in this case.
Case 2: Proteinuria is not normal
In case 2, because the patient is African American, young, and male, his creatinine level yields a higher estimated GFR than in case 1, despite having the same value. However, his estimated GFR still underestimates his true GFR because of his greater creatinine production due to his muscular physique.
This patient subsequently underwent iothalamate GFR testing, which yielded a GFR of 115 mL/min/1.73 m 2 . However, he has dipstick-positive proteinuria, which, if confirmed on further testing, would meet the criteria for chronic kidney disease and put him at a higher risk of cardiovascular events and progression to lower kidney function than the patient in case 1. He also needs to be screened for undiagnosed hypertension and underlying glomerular disease.
■ REFERRAL TO (AND COLLABORATION WITH) A NEPHROLOGIST
Effective co-management with a nephrologist is essential for the overall health of the patient with chronic kidney disease, as well as slowing the progression to end-stage renal disease. Exactly when and to what extent the care of a patient with chronic kidney disease should be transferred to a nephrologist depends largely on the individual nephrologist and the comfort level of the primary care provider. When the referral does occur, effective communication between providers and a mutual understanding of the goals of care (eg, the blood pressure target) are essential to optimize patient care. 
